Background ozone, known as the ozone that occurs in the troposphere as a result of biogenic emissions without photochemical influences, has a close relationship with human health risk. The prediction of the background ozone level by an air quality model could cover a wider region, whereas a measurement method can only record at monitoring sites. The problem is that simulation with deterministic models is quite tedious because of the nonlinear nature of some particular chemical reactions involved in the pollutant formulation. In this work, we present a reliable method for determination of the background ozone using the ambient measurement data. Our proposed definition can be used to determine the background level at any part of the globe and in any seasons without relying on data obtained at remote sites.
INTRODUCTION
Natural background ozone level (BOL) can be referred to as the concentration of ozone (O 3 ) that is formed from only natural emissions (i.e. biogenic or geogenic empirically considered as absent, assuming the photochemical processes occur only during daytime.
However, the duration time from the definition is too specific and depending on different locations as well as seasons. Furthermore, it is very rare to get measurements with the absence of NO x values at every hour during that time range. Motivated by this idea, we will refine the definition to be more generic that could be used globally at any period of the year.
In this work, we are addressing two issues. The first is to refine the BOL definition based on [6] . Next, we use a neural network based metamodel to construct the approximate model of BOL and to investigate the longterm trend of BOL in the Sydney basin.
METHODOLOGY

Background ozone level determination
In this work, the determination of BOL is motivated by the definition given in [6] . The first objective is to estimate the start-and end-time of a day period in which the ozone concentration can be used for the determination of BOL.
For the case study, the investigation is based on the ambient measurement data collected at various monitoring stations across the Sydney basin in Australia.
By analysing the diurnal distribution of the ozone concentration (O 3 , in ppb), nitrogen oxide concentration (NO x =NO+NO 2 , in ppb) and hourly temperature (in °C),
we found a pattern which can be illustrated in Fig. 1 
. (2) where BOL -NP is the non-photochemical BOL, intercept is the function of the intercept of the regression line, and t' is the period of interest determined by:
. (3) where interval is the function to find the two intersection points of the higher order polynomial lines, NO x ' is the mixing ratio of the NO x component, and O 3 ' is the mixing ratio of the O 3 component for the season in consideration.
Radial basis function neural network (RBFNN)
The RBFNN structure is basically similar to a feedforward artificial neural network (ANN) architecture which consists of an input layer, a hidden layer and an output layer. The neurons in the hidden layer work are the processing elements to perform a non-linear transformation of the input data to approximate the output data. The main difference with other ANNs is that this structure uses a radial function such as Gaussian as the activation function, and the number of the hidden neurons can be adjusted appropriately to meet the best convergence subject to a prescribed goal. Another advantage is that the networks can be designed in a considerably small amount of time as compared to others due to the process of getting the weights associated with a large number of hidden nodes by using linear regression rather than the iteration process such as in the steepest descent. Therefore, many authors suggested that RBFNN offers good performance in terms of accuracy, efficiency and simplicity (e.g. in [8] [9] ). The RBFNN structure available in the Matlab neural network toolbox [10] is used in the current analysis.
The estimation of BOL using RBFNN model
The model development covers for two aims, namely, to predict the future concentration of the background ozone using data collected from monitoring stations for the model training, and to extrapolate the prediction results from each site to estimate the spatial distribution for a wider area. In this work, we will construct a generic model that covers several sites in the region. To achieve such model, we have to come up with a proper training technique that can be mixed between the sites. For the training dataset, we use the following variables as the inputs: the x and y locations as the site's identification, the NO concentration, the NO 2 concentration, the O 3 concentration, the ambient temperature (TEMP), the wind direction (WDR), and the wind speed (WSP). The considered input datasets are the hourly data at the specified time period of interest for the BOL determination which has been described in Section 2.1. Furthermore, the BOL defined in (2) is used as the target output of the network. All input-output variables are normalized using their minimum and maximum values so that they are in the same range of the radial basis function used. After the learning process by RBFNN is finished and the accuracy obtained with some test sets is satisfactory, the network can be used for the prediction with other available data for the following years. The spatial distribution model is important as it can be used to estimate the background ozone concentration at locations other than the monitoring sites. Extrapolation of the concentration information at a site to used to estimate the distribution around them. In this work, the extrapolation method by Sandwell [13] is adopted, in which part of the featuring code is compatible with Matlab software (i.e. 'v4' interpolation). For extrapolation, the inputs are x and y location of monitoring stations, and the yearly average BOL, which is predicted from RBFNN model. The output results will be the extrapolated grid data at every 2km×2km distance in the region surrounding the monitoring sites in consideration.
APPLICATION IN THE SYDNEY BASIN
Validity of the proposed method
To verify the new definition of non-photochemical BOL and evaluate the proposed method for BOL determination, we test the consistency with several monitoring sites and compare our method with several approaches. First, we try to determine the BOL based on daily mean ozone concentration data collected during summer 2003 at a semi-pristine site in Bargo located in the greater south-west of Sydney which may be considered as a clean site. Fig. 3 shows the difference of the BOL obtained from the proposed method and the mean 24-hour ozone concentration (i.e. including the daytime ozone) measured for about one month. As can be seen, the levels are about similar in most of the evaluated days. Some differences exist at the event days, which are expected due to the site is not completely a clean site. We assume that some high ozone concentration during the daytime is also affected by the photochemical ozone which is transported to this area instead of its natural processes. The average background ozone concentration given by our method is 18.4 ppb compared to 20.7 ppb as obtained from by measurement data at the site.
Next, we summarise the variations of the BOL at various sites in Sydney as listed in Table 2 . The results point out that the East and South-West of Sydney in general exhibit a higher BOL than other areas, in which Oakdale and Randwick sites are the highest on average. In average, the level is 3 ppb higher than the proposed definition due to the different time range used, and they only considered data with the absence of NO rather than NO x . Table 2 also shows the BOLs for 2003 as reported in [6] . Generally, the BOL in the Sydney basin ranges from 5 to 42 ppb with some incidences occurring to the maximum of 51 ppb. This result is consistent with the analysis of Fiore et al. [14] , which found that the natural BOLs were typically between 10 to 25 ppb with some incidences between 40 to 50 ppb in western US by using GEOS-CHEM modelling software.
Furthermore, we compare the hourly BOL corresponding to other air pollutant concentrations. Fig. 4 shows an example of hourly data for BOL, ozone concentration and NO x concentration. We found that the concentration level is similar when the NO x value is equal to zero, which prompts to the absence of photochemical reactions. Thus, the ozone concentration at those points can be considered as BOL, which is in line with the proposed definition. An example of the spatial distribution of the BOL is 
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